ABSTRACT. We investigated the effects of gossypol acetic acid (GAA) on the proliferation, apoptosis, and expression of DNA methyltransferase 1 (DNMT1) mRNA in human adenoid cystic carcinoma (ACC-M) cells in vitro. The proliferation and apoptosis of ACC-M cells after treatment with different concentrations of GAA were detected using Cell Counting Kit-8 and flow cytometry, respectively. DNMT1 mRNA expression was measured by real-time fluorescence quantitative polymerase chain reaction. The growth of ACC-M cells was inhibited after treatment with GAA for 24, 48, and 72 h. The apoptotic rates of ACC-M cells after treatment with GAA for 72 h were higher than those of control cells (without treatment) (P < 0.05). DNMT1 mRNA expression in ACC-M after treatment with GAA for 72 h was lower than that in control cells (P < 0.05). GAA had inhibitory effects on the proliferation and induced apoptosis of human ACC-M cells, while GAA also reduced the expression level of DNMT1 mRNA in ACC-M cells.
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INTRODUCTION
Gossypol, which is extracted from cotton seed oil, is commonly used medically as gossypol acetic acid (GAA), a male contraceptive. Previous studies found that gossypol and its derivatives could inhibit the proliferation of nasopharyngeal carcinoma cells and other head and neck squamous cell carcinoma (HNSCC) cells, induce the apoptosis of tumor cells with high expression of Bcl-2/Bcl-xL, and significantly inhibit the growth of colon and nasopharyngeal carcinoma xenograft tumors in nude mice (Zhang et al., 2003; Oliver et al., 2004; Hu et al., 2008) . HNSCC cells were inoculated into nude mice by Wolter et al. (2006) , and it was found that the growth of tumors treated with gossypol was significantly inhibited and showed higher mortality than the control group. DNA methyltransferase 1 (DNMT1) is a key enzyme that maintains the methylation state of DNA. Several studies found that high expression of DNMT1 improved the methylated modification rate of tumor suppressor genes in tumor tissues, resulting in silencing of this gene and an increase tumor malignant degree (Peng et al., 2006; Agoston et al., 2007) . DNMT1 expression level can also regulate the cell cycle, which can induce the entrance into S phase and regulate cell growth and proliferation (Milutinovic et al., 2003) . In our prophase research (Yue et al., 2014a,b) , we found that GAA decreased the methylation degree of related tumor suppressor genes in adenoid cystic carcinoma (ACC-M) cells, but it was unclear whether this resulted from decreased expression of DNMT1 after GAA treatment. To investigate the relationship between the effects of GAA on ACC-M cells and the expression level of DNMT1 mRNA, we examined the possible antitumor mechanism of gossypol by detecting the growth and apoptosis of ACC-M cells and expression level of DNMT1 mRNA after treatment with GAA.
MATERIAL AND METHODS

Materials
Human highly metastatic ACC-M cells and the human lung fibroblast cell line HFL-1 were obtained from Shanghai Hufeng Biological Technology Co., Ltd. (Shanghai, China) and Shanghai Bioleaf Biotech Co., Ltd. (Shanghai, China). RPMI 1640 medium, fetal calf serum, dimethyl sulfoxide (DMSO), penicillin G, and streptomycin were purchased from Beijing Solarbio Science & Technology Co., Ltd. (Beijing, China). GAA (WM 578.61, purity 95%, dissolved in DMSO) and MTT were purchased from Sigma (St. Louis, MO, USA). The Apoptosis Detection Kit and Reverse Transcription Kit were purchased from Beijing 4A Biotech Co., Ltd. (Beijing, China). Cell Counting Kit-8 (CCK-8) was purchased from the Beyotime Institute of Biotechnology (Beijing, China). TRIzol and SYBR Green PCR Master Mix were purchased from Takara (Shiga, Japan). Primers for DNMT1 were designed and synthesized by Nanjing Zoonbio Biotechnology Co., Ltd. (Nanjing, China).
Methods
Cell culture
ACC-M and HFL-1 cells were cultured in RPMI 1640 containing 10% fetal bovine serum, 100 U/L penicillin G, and 100 mg/mL streptomycin. Cells were maintained at 37°C in a humidified atmosphere of 5% CO 2 /95% air and passaged every 2-3 days.
Influence of GAA on growth of ACC-M and HFL-1 cells detected by CCK-8 method
Cells were seeded on 96-well plates at a density of 6 x 10 4 cells/well, with 3 replicates per group. Cells were cultured in a humidified 5% CO 2 atmosphere at 37°C for 12 h. The medium was removed and 200 mL different concentrations of GAA (10, 20, 30, 40 , and 50 mM) were added to the experimental groups, while RPMI 1640 containing 0.1% DMSO was added to the control group; the blank control group contained RPMI 1640. We used 3 replicates per group. Cells were cultured for 24, 48, and 72 h. Next, 20 mL CCK-8 was added to each well and cultured for 4 h. Finally, absorbance was measured at 450 nm using an enzymelinked immunosorbent assay instrument. The inhibition rate and 50% inhibitory concentration (IC 50 ) value were calculated separately [inhibitor rate (%) = (average D value in control group -average D value in experimental group) / average D value in control group]. The IC 50 values of ACC-M and HFL-1 cells, which were treated with different concentrations of GAA for 24-72 h, were calculated using the linear regression fitting method. Experiments were repeated 3 times.
Influence of GAA on apoptosis of ACC-M cells detected by double-staining with annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) and fluorescence correlation microscopy analysis
The concentration of ACC-M cells in the logarithmic growth phase was adjusted to 2 x 10 5 cells/mL and seeded into culture bottles. Different concentrations of GAA (10, 20, 30, 40 , and 50 mM) were added to the bottles when the cells had attached completely. RPMI 1640 was added to the control group and cells were cultured for 72 h. Next, cells were obtained after washing twice with phosphate-buffered saline, and the supernatant was discarded. Cell apoptosis was detected according to the manufacturer instructions for the Apoptosis Detection Kit. A total of 10,000 cells were collected from each group. The excitation wavelength of flow cytometry was 488 nm, the detection wavelength of FITC was 515 nm, and that of PI was 560 nm. Experiments were repeated 3 times.
Influence of GAA on DNMT1 mRNA expression in ACC-M cells detected by real-time fluorescence quantitative polymerase chain reaction (PCR)
The concentration of ACC-M cells in the logarithmic growth phase was adjusted to 6 x 10 4 cells/mL and the cells were then seeded on 96-well plates at 100 μL/well. The cells were cultured for 12 h. The medium was discarded and 200 mL RPMI 1640 medium at different concentrations of GAA (0, 5, 10, 15, 20, 25 , and 30 μM) was added to the experimental groups, while RPMI 1640 containing 0.1% DMSO was added to the control group, with 3 replicates per group. Cells were collected after 72 h, and total RNA from each group was extracted using TRIzol. Total RNA was subjected to cDNA synthesis using a ReverTra Kit (TaKaRa). PCR and fluorescence detection were conducted in a 7900HT qPCR system thermal cycler, in which the reverse transcription products were used as the template and added to the SYBR Green PCR Master Mix. PCR was conducted using the following primers for DNMT1: forward primer, 5'-CTCCTCTAACTTCACCTCTAT-3'; and reverse primer, 5'-CTGACAACAGCCCATAAC-3'. The primers for b-actin were as follows: forward primer, 5'-CATTCCAAATATGAGATGCGTTGT-3'; reverse primer, 5'-TGTGGACTTGGGAGAGGACT-3'. PCR conditions were: 5 min denaturation at 94°C, followed by 44 2-step cycles: 35 s at 94°C, 30 s at 55°C, and 35 s at 72°C, and renaturation for 8 min at 72°C. The melting curve was from 70°-90°C, and the fluorescence signal was read once per 0.3°C for 0.1 s. The average Ct value of DNMT1 and b-actin was selected, and the different multiple was represented by 2
Values of 2 -DDCt > l indicated that the expression of the target gene was unregulated, while 2 -DDCt < 1 indicated down-regulation. The experiments were repeated 3 times.
Statistical analysis
Statistical analysis was performed using the SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA). Data are reported as means ± SD. One-way analysis of variance was used to compare groups. The paired comparison used the S-N-K (q) method. Differences of P ≤ 0.05 were considered to be statistically significant.
RESULTS
Proliferation of ACC-M cells inhibited by GAA
CCK-8 results revealed a statistically significant effect of inhibition rate on the proliferation of ACC-M and HFL-1 cells treated with different concentrations of GAA for 24, 48, and 72 h (P < 0.05). The inhibition rate of ACC-M cells was increased with increasing concentrations of GAA and time (Tables 1 and 2 
Apoptosis of ACC-M cells promoted by GAA
Double-staining with annexin V-FITC/PI and fluorescence correlation microscopy analysis showed that the apoptosis of ACC-M cells was significantly increased after treatment with GAA (10, 20, 30, and 40 mM) for 72 h compared with the control group (P < 0.05; Figures 1-6) ; there was no significant difference in the total apoptosis rate at concentrations of 40-50 mM (P > 0.05).
GAA (mM)
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Expression level of DNMT1 mRNA decreased in ACC-M cells treated with GAA
The results of quantitative PCR showed that the GAA group showed a statistically significant down-regulation of DNMT1 mRNA expression in ACC-M cells treated with different concentrations of GAA for 72 h compared to the control group (Table 3 ). 
DISCUSSION
ACC is one of the most common sialaden malignant tumors, accounting for approximately 10% of salivary gland neoplasms. About 25% of adenoid cystic carcinoma cases occur in the parotid gland, while 60% occur in the minor oral salivary gland, from which palatal carcinomas are most common. ACC exhibits retarded growth, less regional node metastasis (except ACC in the root of tongue), strong infiltration of surrounding tissues, very frequent recurrence, distant metastasis, and nerve fiber encroachment in the early stage and through hematogenous metastasis, resulting in a 40% metastasis rate to the lung. Metastasis of the lung is the primary cause of patients. Because of these characteristics of ACC and its insensitivity to radiotherapy and chemotherapy, surgical treatment is the main therapy; local radiotherapy is currently used to improve efficacy. Thus, it is important to investigate the mechanism of tumor formation and the molecular mechanism of invasion and metastasis to develop effective treatments.
A study confirmed that gossypol plays a role in inhibiting the proliferation and apoptosis of tumor cells in vitro (Gong et al., 2009) . Gossypol may inhibit growth and induce tumor cell apoptosis to achieve anti-tumor effects by damaging mitochondria directly to inhibit energy metabolism, down-regulate the expression of cell cycle regulatory proteins, inhibit protein kinase C and telomerase activities, intervene in signal transduction pathways, and inhibit the over-expression of Bcl-2 (Ko et al., 2007) . Wang et al. (2000) detected the apoptotic peak of sub-G1 phase cells in colon cancer HT-29 and LoVo cells after treatment with gossypol by flow cytometry and found that gossypol can induce tumor cell apoptosis. Recently, the role of gossypol in anti-cancer has gained increased attention, and its killing effects on tumor cells mainly has been primarily examined in genital system tumors, such as cervical cancer (Sanli et al., 2009) . It also has different killing effects against tumors in other systems, including pancreatic carcinoma, colon cancer, liver cancer, laryngeal carcinoma, lung cancer, and head and neck cancer (Balakrishnan et al., 2008 (Balakrishnan et al., , 2009 Alibaz Oner et al., 2011) .
We used ACC-M cells as experimental cells and normal human fibroblasts as control cells to investigate the effect of GAA on tumor and normal cells. The results of CCK-8 showed that the inhibition rate increased with increasing concentrations of GAA and over time when ACC-M and HFL-1 cells were treated with 10-40 mM GAA for 24, 48, and 72 h (P < 0.05). The IC 50 values of ACC-M cells treated with GAA for 24, 48, and 72 h were 33.20, 15.50, and 8.60 mM, respectively, while IC 50 values of HFL-1 were 35.13, 28.00, and 26.80 mM. The results of double-staining with annexin V-FITC/PI and fluorescence correlation microscopy analysis showed that ACC-M cell apoptosis was significantly increased after treatment with GAA (10, 20, 30, and 40 mM) for 72 h, compared with the control group (P < 0.0). These results suggested that GAA played a role in inhibiting ACC-M cells and may induce their apoptosis. Wolter et al. (2006) found that normal oral keratinocytes were insensitive to gossypol, and the IC 50 value of gossypol to HNSCC cells was 4 mM. Oliver et al. (2004) found that the IC 50 value of gossypol to normal human fibroblast was 2-10-fold higher than against HNSCCs and oral keratinocytes was 2-3-fold higher. Thus, the anti-tumor effects of gossypol were relatively specific and its inhibition effect was relatively lower in normal cells, which agrees with the results of this study. In this study, the IC 50 value of GAA against HFL1 cells was higher than against ACC-M cells, which was 2 times that of ACC-M at 48 h and 3 times at 72 h. This finding supports that the anti-tumor effects of GAA were relatively specific. Another study found that gossypol showed a minimal adverse reaction and high safety. In past, its adverse reaction mainly appeared hypokalemia and damages of speratogenic epithelium of testes in some individuals when it used to be birth control for long time, which incidence rate was only about 1% (Shelley et al., 1999) . Additionally, long-term oral dose of gossypol could not induce myelosuppression (Oliver et al., 2005) . A study reported that gossypol could induce an increase in aspartate aminotransferase and alanine aminotransferase, but had no significant influence on the kidneys, heart, and blood cells (Kitada et al., 2008) .
The quantitative PCR results showed that DNMT1 mRNA expression was significantly down-regulated in ACC-M cells treated with different concentrations of GAA (5, 10, 15, 20, 25 , and 30 mM) for 72 h compared with the control group (P < 0.05). With increasing GAA concentrations, DNMT1 mRNA expression gradually decreased.
DNMT1 is a key enzyme that maintains the methylation state of DNA, which is mainly catalyzed by DNMT1. The tumor suppressor gene is not methylated in normal tissues, and the methylated state cannot transcribe normally and express normal tumor suppressor proteins to inhibit tumors. Thus, the cell may proliferate monoclonally and form a tumor. This plays a critical role in tumor development in which the promoter region of the tumor suppressor gene is present in a highly methylated state and contributes to its expression silencing, which affects in the incidence and development of many malignant tumors (Esteller, 2002; Fan, 2004) . Previous studies have identified numerous tumor tissues and cells, including colon cancer (Kanal et al., 2001) , lung cancer , gastric cancer (Etoh et al., 2004) , acute and chronic myeloid leukemia (Mizuno et al., 2001) , myelodysplastic syndromes (Langer et al., 2005) , and endometrial carcinoma (Xiong et al., 2005) , in which DNMT1 expression was all upregulated. Additionally, the expression of DNMT1 in different tumors differed with clinical stage and pathological grade. Fuks et al. (2000) detected DNMT1 mRNA expression in 22 cases of endometrial carcinoma and 10 cases of normal endometrial tissues by real-time-PCR. They found that DNMT1 expression in endometrial carcinoma was significantly higher than in normal tissues (P < 0.001). DNMT1 expression also regulated the cell cycle except for catalyzing the methylation reaction. High expression of DNMT1 may induce the cells to enter S phase and promote cell growth and proliferation (Milutinovic et al., 2003) . Recent studies confirmed that a close relationship exists between the high methylation of tumor suppressor genes because of abnormal expression of DNMT1 and the incidence and development of many tumors (Luczak and Jagodzinski, 2006) .
In conclusion, GAA effectively inhibited the growth and induced the apoptosis of ACC-M cells, and showed specific inhibition effects against tumor cells. Additionally, GAA decreased the expression of DNMT1 mRNA, mediating the ability of DNMT1 to methylate tumor suppressor genes in tongue cancer, which may be one of the anti-tumor mechanisms of GAA. Thus, gossypol may be a new type of demethylated anti-tumor drug, and its mechanism requires further analysis.
